Abstract Large variations in the stem of oil palm in terms of moisture content and density hinder its full utilization in the plywood industry. In this study, the density and moisture content (MC) pattern throughout the trunk of the oil palm tree were measured and established. The veneer samples were taken from various sections i.e., top, bottom, outer and inner parts of the trunk and the density and moisture content of each veneer were then measured. The results showed that there was a decrease of density and an increase of moisture content in the veneers as they were peeled progressively towards the inner portion of the trunk. It was also discovered that veneers taken from the top part of the stem had higher density but did not have a significant difference in MC compared to veneers taken from the bottom part of the stem.
Introduction
Malaysia is one of the largest producers of palm oil in the world with plantations covering an area of 4,487,957 hectares in 2008 4,487,957 hectares in (MPOB 2008 Anis (2007) , oil palm stems can be used as an ideal alternative for timber as veneers for plywood and LVL manufacture.
One of the drawbacks in using oil palm stems as a source of veneers is the high variation in density and moisture found in the stems. Research has shown that the outer layer of the stem is regarded as having a higher density than the core (Lim and Khoo 1986; Shirley 2002) . Compared to rubberwood that has a green moisture content of 80%, oil palm stem is reported to have a green moisture content of up to 500% (Bakar et al. 2008) . There is also a high variation in the moisture content along the radial cross section of the oil palm stem (Bakar et al. 2008) .
To help elucidate this problem, information on the distribution of the density and moisture content throughout the oil palm trunk is essential. The present study aims at establishing the density and moisture content patterns of the veneers of oil palm stems taken from various parts of the trunk. A more efficient drying procedure for oil palm veneers can be developed using this information.
Materials and methods

Preparation of oil palm veneers
A total of four 5 m long trunks of 25 year-old oil palm (Elaeis guineensis) trees were used in this study. The trunks were cut into half and the basal portion of the trunk was labeled 'Bottom' and the upper portion of the trunk was labeled 'Top'. Both portions (called billets) had an equal length of 2.5 m. The billets were first debarked, then mounted to a lathe machine and peeled into 3.5 mm thick veneers. Once all the outer section of the billets was peeled, the billet was mounted to another lathe machine to peel veneers 
Sampling and measurements
The density and MC specimens of the size 5 cm × 5 cm were taken at three sections of each of the peeled veneers. The thickness of the specimens ranged from 3 to 5 mm for the outer veneers and 4 to 6 mm for the inner veneers. The weight of the specimens was measured. The veneers were then dried in an oven at 40°C for three days and then further dried at 70°C for another three days. Finally the specimens were oven dried for 24 hours at 103 ± 2°C. The threestage drying regime was adopted to avoid deformation on the specimens. The dimensions and weight of the samples were then measured again. The density and MC values were then calculated. Finally the density and moisture content pattern were plotted against the height of the tree stem. The data was subjected to an analysis of variance (ANOVA) to determine the effects of tree height and section on the density and MC of the veneers produced. Figure 1 shows the density distribution across the radial section (from outer to inner) of the oil palm trunk of both the bottom and top portions of the oil palm stem. According to ANOVA, there was a significant difference between the densities of the top and bottom parts of the trunk, as well as between the outer and inner section of the trunk. The density of veneers taken from the top part of the oil palm tree was significantly higher (0.318 g/cm 3 ) than that taken from . Inner veneers had an average density of 0.272 g/cm 3 while outer veneers had an average density of 0.337 g/cm 3 . The outer section consistently gave higher density than the inner layers, irrespective of the height of the tree. Between the two factors, section (outer or inner) has a more apparent effect on the density.
Results and discussion
Density pattern
In comparison with oil palm solid wood, the results found in this study support the result found by Bakar (2000) but contradicts the report by Lim and Khoo (1986) . In their study, they discovered that in solid oil palm samples, samples from the bottom part of the stem had higher densities than samples from the top part of the stem. This may be contributed to the thin veneers used (thickness <4.5 mm) instead of lumber (50 × 50 mm) which has the tendency to lose a higher amount of parenchyma tissues once dried (moisture content <15%), leaving more voids which consequently reduced the density values.
Moisture content pattern
Results showed that veneers obtained from the inner layers of the logs have a significantly higher MC than veneers obtained from the outer layers of the logs (Fig. 2) . The veneers obtained from the bottom parts had MCs ranging from 108.14% to 443.03% while the veneers obtained from the top parts had MCs ranging from 132.24% to 476.06%. Veneers obtained from the bottom inner layers of the logs had 37.3% more moisture than veneers obtained from the bottom outer layers while veneers from the top inner layers of the logs had 36.4% more moisture than veneers obtained from the top outer layers. According to ANOVA, there was not a significant difference in MC between veneers taken from the bottom parts of the logs and veneers taken from the top part of the logs.
Conclusion
In the production of veneers, the density and MC of the veneers used are of utmost importance. Due to the wide range of density and MC that can be found in oil palm veneers, basic information on the pattern of the density and moisture content fluctuations is imperative to ensure that an efficient process is applied to the manufacturing of veneers.
